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OBJ£UTt 

1.  Tlte  object  of  this  investigation  tma  to  explore  several  means  of 
fuel  introduo  tlon  In  an  effort  to  improve  the  performance  of  the  70727 
x*e*d  valve  combustion  chamber. 

SUMMARY ; 

2.  This  investigation  is  a continuation  of  tho  preliminary  overall 
survey  of  ways  to  improve  the  performance  of  the  subject  type  of 
combustion  chamber.  The  testa,  which  ware  of  an  informal  nature,  were 
particularly  aimed  at  determining  what  means  of  fuel  introduction  would 
shear  possibilities  for  further  Investigation. 

3»  The  beat  means  of  fuel  introduction  of  these  tried  was  found  to 
be  Injection  through  several  small  jets  into  high  velocity  air  streams 
inside  the  chamber  which  was  supplied  from  a high  pressure  source  other 
than  the  combustion  air,  The  various  ways  of  ndolidn  fuel  injection 
tried  in  this  investigation  did  not  show  up  as  well  as  the  aoovs.  Intro- 
duction of  the  fuel  into  the  intake  manifold  , before  the  reed  valves., 
pitted  unsuccessful. 

COHCLUS7.€W3i 

4.  It  is  concluded  that  with  the  particular  parts  and  modifications 

tasted  i 

a)  The  revised  70920  air  fuel  injector  assembly  prod.*iced 
the  oest  performance . 
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b)  k sing lu  50*  op  45*  Included  spjsy  angle  Bosch  noaxle 
locatad  in  the  front  end  of  the  chamber  was  next  bast 
to  the  7C920  noasle. 

o)  Two  50*  Bosch  noaslea  diametrically  opposite  in  the 
chamber  were  inferior  to  the  above* 

d)  . The  two  diametrically  opposite  Jets  spraying  forward 

in  the  chamber  were  unsatisfactory* 

e)  Introduction  of  the  fuel  into  tho  air  by  means  of  a 
manifold  a prey  ring  at  the  entrance  to  9 of  the  reed 
valves  was  not  satisfactory. 

BBOOMMBBDATIOftS  t 

5*  It  is  recoasKsnded  that  sufficient  Lrxjoc tion  equipment  be  pro- 
vided to  permit  a further,  more  thorough  investigation  of  fuel  introduction  . 
DESCRIPTION » 

6.  Reference  is  mad®  to  report  So.  1097  entitled  - “Initial  T*at 
of  tha  Multi  Bend  Talve  Combustion  Chamber",  for  a detailed  description 
of  tha  '*0727  rsed  male*  coabustlon  chamber. 

7.  Print  Ko,  79920  on  page  3 shews  tho  ^ details  of  w« 

air  f<j»l  injector  assembly.  ’2hia  assembly  was  fin-i*?-  altered  by 
brasing  a ';/16"  0,B.  washer  or.  the  tip  of  the  stsa  and  drilling  out  the 
four  Jot  holes  to  *03IK  disaster.  Tho  a watch  on  page  9 shows  tho  in- 
stallation of  the  70920  assembly  in  tha  reed  valve  combustion  chamber. 

3.  the  sfeetoh  on  page  10  shows  tha  position  of  the  single 
30*  or  45®  included  spray  angle  Boach  fuel  noazle  In  the  front  end  of 
tne  ehERbsr. 

9.  The  3.ocation  of  the  two  50*  Soach  nozzles  mounted  diametrically 
opposite  in  the  chamber  wall  are  shown  by  the  alcetca  on  page  11 


10.  The  sketch  on  page  12  aho*a  the  location  and  direction  of 
spray  of  the  two  diametrically  opposite  fuel  spray  jsts.  These  jets 
were  made  in  the  fora  of  tips  to  screw  on  the  ends  of  the  Bosch  nozzles 
(which  acted  as  check  waives).  The  tipa  had  two  .031"  disaster  holes 
drilled  in  one  aid©  so  that  the  resulting  jets  converged  about  1 1/2 
inches  away  from  the  tip.  The  overall  spray  was  at  an  angle  of  about 
30*  with  the  axis  of  the  chamber.  The  two  tips  were  located  so  that 
they  sprayed  forward,  converging  about  three  inches  ups tress. 

11.  The  manifold  spray  ring  consisted  of  a 1/4*  copper  tube 
manifold  with  nine  1/8"  copper  tube  jets  soldered  to  the  manifold.  This 


assembly  was  positioned  as  shown  by  the  sketch  on  page  13  so  that  the 
jets  impinge  on  the  reeds  at  about  the  center  from  the  upstream  side, 

12.  Both  the  70862  fuel  screen  and  the  sleeve  typo  heater 
basket  described  in  report  No.  1056  on  the  rotary  sleeve  valve  combustion 
chamber  were  used  briefly. 

KBfflOD  OF  TKST» 

13.  B*jr  reason  cf  the  oaiiy  variables  touched  upon  and  the  generally 
negative  riauure  of  xne  performance  , the  procedure  for  making  the  subject 
investigation  was  largely  dictated  by  the  behavior  of  the  reed  valve  unit 
with  the  particular  variation  under  consideration. 

14.  With  each  variation  explained  in  the  description,  a preliminary 
qualitative  spot  check  was  made  at  900  cpo  and  29  psi  ram  (selected  as  * 
convenient  basis  of  comparison  with  previous  data).  If  good  performance 
or  performance  better  than  any  observed  during  the  investigation  was 


obtained,  readings  were  taken  over  the  ops  ratable  fuel  flow  range . 

15.  for  all  phases  of  this  investigation,  fuel  was  supplied  by 


two  iwN  7646  Bosch  fuel  injector  pumps  snic-ii  were  coupled  in  pa rails? 
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and  delivered  to  the  particular  fuel  introducing  modification  being 
tested.  Riia  is  Identically  the  sane  system  as  used  with  previous 
tests. 


RSSULTSi 

16.  the  qualitative  and  quantitative  results  of  the  subject 
inves tlga cion  are  recorded  on  log  sheets  Kos.  15?  through  161  end  181 
through  185,  and  187  through  190.  Prints  of  these  log  aheete  are 
included  with  the  Experimental  File  copies  of  this  report  only.  Dates 
of  test  «*re  March  19th  through  27th  and  April  9th  through  18th,  1947. 

17.  Curve  No.  7557 : page  14  , a plot  of  thrust  vs  air  fuel  ratio 
and  curve  No.  7558  on  page  15  , a plot  of  specific  thrust  vs  air  fuel 
ratio  are  comparisons  of  the  70920  air  fuel  injection  assembly  with 

the  50*  included  spray  angle  Boash  nsolld  injection*  nonsle.  Both 
plots  show  bettar  performance  with  the  70920  assembly. 

18.  Curve  No.  7559,  page  16,  and  Vo.  7560,  page  17  , which  are 
plots  of  thrust  and  specific  thrust  respectively  vs  air  fuel  ratio  show 
a coaparison  of  operation  with  and  without  the  sleeve  type  heater 
basket  when  using  the  70920  air  fuel  injection  assembly.  Perl'omance 
®aa  found  to  be  better  without  this  type  of  heater  basket. 

19.  Following  is  a summary  tabulation  of  the  qualitative  results 
obtained  i 


Means  of  Fusl  Introduction 

WUIMII  ••  w ■■■*■■ 'i  tm—mmmm  “iin  — — — ■ 

1,  'X*?2Q  Ail*  fuel  injector 

aaaombiy  variations. 


Performance  Charactorla ties 

is  received , the  70920  aasesafely 
psrfo  rwmnc©  was  unsatisf  a«t«wy  , 

Mhen  1 -yj  .A/i.  p£iil '"S  r iher 

braaed  on  tiis  end  of  the  70919 

1.  li*5_  j. . X/-:  _< *3 ti W -1  Opv  ~ *5*  wiOri 

of  -.ii.y  »ua  obtained , with  tfe* 

7«»2D  Assembly  projecting  into  tfcs 
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Me  was  of  Fuel  Introduction 


Performance  Characteristics 


chamber  up  to  about  1".  Sc  improve- 
ment observed  with  sleeve  type  heat- 
er basket. 


II.  Manifold  spray  ring  (intro- 
duction of  fuel  Just  upstream 
of  reeds). 


Only  constant  burning  was  possible 
with  poor  thrust.  Fuel  flew  range 
was  narrow  and  operation  caused 
ram  air  pressure  to  be  erratic. 

Unit  was  difficult  to  start. 


III.  Two  50'  included  spray  angle 
Bosch  nozzles  diametrically 
opposite  in  front  plug  belt. 


Unit  functioned  properly,  but 
thrust  and  mean  pressures  were 
about  205C  lower  than  the  best  with 
the  70920  assembly. 


IV.  Tec  spray  tips  spraying  upstream 
at  about  30*  angle,  located  dia- 
metrically opposite  in  both  front 
and  rear  plug  belts . 


Front  plug  belt  location  best. 

Fuel  flow  range  very  narrow,  the 
flow  being  relatively  small.  Thrust 
and  mean  pressures  somewhat  better 
than  with  the  two  50*  nozzles. 

Sleeve  type  heater  basket  did  not 
improve  operation. 


J.  Boech  nozzle  having  45*  or  50* 
included  spray  angle  located 
in  front  end  of  tho  chamber. 


A single  "solid"  fuel  injection 
nozzle  gave  next  best  performance 
to  the  70920  assembly.  Speed  and 
fuel  flow  ranges  were  good . 

Sleeve  type  haster  basket  did  not 
improve  performance . 


SISCUSSTOW » 


20.  The  reasons  for  the  superiority  of  the  70920  air  fuel  injector 


assembly  over  any  form  of  "solid"  fuel  injection  sc  far  tried  are  not  clear. 


Apparently  some  ad  t&U  is  gained  when  a high  velocity  air  stream  is 


used  to  atomize  the  fuel  rather  than  to  depend  on  "solid11  injection  alone 


for  Atomisation  ind  dlopersion. 


21.  The  70910  air  fuel  injector  assembly  requires  over  70  pa 3 


air  pressure  to  operate  satisfactorily.  Dependent  upon  the  application 


of  the  reed  valve  unit,  this  pressure  may  be  difficult  to  nr  tain  However, 


it  possibly  could  be  solved  with  other  designs  utilising  ids  a asm*  principle , 


aro 
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but  with  lower  pressure  sir  or  by  asking  use  of  the  pressure  generated 
by  the  combustion. 

22*  In  addition  to  the  above,  the  possibility  of  some  fora  of 
"solid"  fuel  injection  being  developed  to  produce  as  good  or  better 

results  than  the  70920  type  of  injector  would  be  desirable  from  the 

* • 

standpoint  of  simplicity  and  should  be  investigated. 

23.  In  the  course  of  other  investigation  where  chamber  extensions 
were  used  (separately  reported)  and  with  which  solid  injection  was 
employed,  it  was  observed  that  some  of  the  fuel  charge  injected  collect- 
ed on  the  chamber  walls,  ran  down  the  bottom  of  the  chamber  and  was 

able  to  seep  out  at  the  loose  flange  threads  at  the  rear  end  before  it 

* 

hed  been  completely  burned.  This  indicates  the  fonts  of  "solid"  fuel 
Injection  used  to  date  are  relatively  poor  in  that  atomisation  and  mix- 
ing of  the  fuel  with  the  air  is  not  anywhere  near  as  good  as  Is  believed 
possible . 
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24.  Among  the  several  attempts  made  in  this  investigation  to 

i 

ova  room  the  above  situation  were  cross  chamber  fuel  injection  and  in- 
jection of  the  fuel  forward  and  opposite  to  the  direction  of  the  incoming 
air  charge.  The  theory  was  that  by  giving  the  fual  a velocity  either  at 
right  anglea  or  opposite  to  the  velocity  of  tne  air  better  and  faster 
atomisation  and  mixing  would  occur.  It  is  believed  that  the  reason  for 
the  poor  showing  of  these  attempts  was  that,  as  with  other  foras  of 
"solid"  fuel  injection,  the  fbel  penetrated  to  the  chamber  walls  and 
collecwsd  tx we  before  atomisation  and  mixing  would  occur. 

25.  In  trod  uc  iion  of  the  fuel  into  th®  air  3 We  as  in  the  intake 

manifold  just  b«?nra  trying  the  valve?  was  tried  partly  in  »n 

effort  to  provide  laoum  tiso  for  atomisation  of  the  fuel  and  aixir.g  with 


I 
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NOTICE.  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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